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FOREWORD

This report outlines work accomplished by the Case Design Group,
Chemical Propulsion Division at the Bacchus Works of Hercules Powder
Company for the continued development of Minuteman stage III Rocket Motor

-57.

Authority for preparation of this report is granted by Contract
AF O4(647)-243, Exhibit D, Paragraph IV.A.3.

Published by

The Publications Group
Graphic Services Department

HERC S PODE 0cOAmw.Y
Bacchus Works
Magna, Utah
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ABSTRACT

Structural development test W2SD-20, case 1215.07 was conducted
2 July 1962 at the Bacchus Works. Hercules Powder Company, to determine
the structural integrity of the Wing TT M-57E1 motor case when subjected to
flight load conditions of axial load, shear load, and bending moment con-
ducted under room temperature conditions.

Case M215.07 failed just forward of the thrust termination (TT) ports
at an axial load of 57.87 kips, a shear load of 7.3 kips, and a bending
moment of 865.8 in-kips in the area of failure.

Test results show that the equivalent axial load was 150.25 kips, the
Poisson's ratio was 0.1711 and the modulus of elasticity was 4.20 x 106
psi. These values are for the area of failure.

It was concluded that the Wing II design se is capable of meeting
and exceeding present design requirements specified in Boeing Document
No. D2-3877-4.
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SECTION I

MT ODUCTION

A. PURPOSE

Structural development test W2SD-20 was conducted as a part of a
continued development program in the development of a lighter veight case
for the third stage Minuteman. This test was one of a series intended to
prove the new design in meeting or exceeding structural design requirements
specified in Boeing Document No. D2-3877-4.

This test obtained information determining the structural integrity
of the cylindrical section of the Wing II M-57E1 motor case under simulated
flight requirements of axial load, shear load, and bending moment at room
temperature.

The test was L.,nducted 2 July 1962 by Herculeb Powder Company at
facilities located at Bacchus, Utah.

B. TEST OBJECTIVES

Test objectives were:

(1) To determine the physical capabilities of the lightweight
Wing I M-57E1 motor case under combined external loading of
axial load, shear load, and bending moment at room temper-
ature.

(2) To determine modulus of elasticity and Poisson's ratio
values for the critical areas of the case at room temper-
ature.



SECTION II

TECHNICAL DISCUSSION

A. TEST SPCIMD DESCRIPTION

The test specimen was a standard Wing II motor case (Ref: HPC drawing
OIAOO221) number 1215.07 constructed of Spiralloy. The nominal outside
diameter was 37.5 in. and the distance between tangent lines was 43.0 in.
Case configuration is described in the following paragraphs:

1. Cylindrical Section

The cylindrical section of the case consisted of seven layers
of 900 windings and six layers of 14.50 helical windings; the thrust
termination (TT) port areas were each additionally reinforced with six
glass wafers and six TT ply mats. The theoretical thickness was 0.16 in.
except in the TT port reinforced area. (The case was pressurized to
50 psig to simulate the structural support received from propellant.)

2. Domes

The forward and aft domes were wound with four layers of 14.50
windings. The nozzle port areas on the aft dome were additionally rein-
forced with four glass wafers 16, 17, 18, and 19 in. diameter, respec-
tively. The minimum theoretical thickness at the tangent line was 0.06 in.

3. Forward Skirt

The forward skirt buildup consisted of two layers of 14.50 wind-
ings, nine layers of reverse 143-weave glass cloth, one layer of 900
windings and three layers of 900 nylon roving. The nominal wall thickness
was 0.17 in. and the length was 12.575 in., measured from the forward
tangent line. For additional reinforcement, a 0.250 in. thick aluminum
ring sleeve (Figure 1) was internally bonded to the inner surface of the
skirt to ensure that failure would occur in the cylindrical section of the
case.

4. Aft Skirt

The aft skirt buildup consisted of two layers of 14.50 windings,
22 layers of reverse 143-weave glass cloth, one layer of 900 winding,
and three layers of 900 nylon roving. The nominal wall thickness was
0.313 in. and the length, measured from the aft tangent line, was 6.2 in.

In the manufacture of this case, the resin went through a two-
cycle cure. Lamination materials used were Union Carbide's ElLA 2256
resin and HTS 144 ends/in, glass roving.
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In preparation for the test, a metal-reinforced R & D section
was attached to the forward skirt and a reinforce second-to-third stage
interstage section was fastened to the aft skirt.

B. TEST PROCEDURES

After installation of the instrumentation (Figure 2), the assembly
was mounted in an upright position in the compression load testing device
as shown in Figure 3. This device consisted of three hydraulic rams
designated Pl, P2 , and P3. Ram P1 was positioned on the base at point 00
and ram P2 at 1800. P3 was mounted on the crosshead 70 in. forward from
the center of the TT port area at 1800. The force from P3 was normal to
the longitudinal centerline of the case.

The instrumentation was attached to the recorders and checked for
accuracy (polarity, calibration). Next, the load was applied as programeed
on the Y-T plot (Figure 4).

C. TEST RESULTS

The test results outlined below indicate that test objectives were
satisfactorily met. Actual traces of the applied loads are shown in
Figures 5 through 7. Test data are shown graphically in Figures 8 through
13 and are listed in Tables I through IV.

The mode of failure was a circumferential buckling of the cylindrical

section approximately 10 in. forward of the thrust termination (TT) ports.

1. Physical Capabilities

Ultimate capability of the case in the area of failure was:

(a) Axial load - 57.87 kips

(b) Shear load - 7.3 kips

(c) Bending moment - 865.8 in. -kips

The equivalent axial load for the above condition is 150.25 kips.
This load was calculated using the following eq,,ation:

P -P +2M/Req a

where:

P a equivalent axial loadeq

Pe - applied axial load
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M - aprlied bending moment

R - radius of the case

The loads experienced by the forward and aft tangent line at
time of failure are:

Fwd Tan, Line Aft Tan. Line

(a) Axial load 57.87 kips 57.87 kips

(b) Shear load 7.3 kips 7.3 kips

(c) Bending moment 697.9 in-kips 1011.8 in-kips

(d) P 132.35 kips 165.83 in-kips
eq

The final design requirements for the forward and aft tangent
line per Boeing Document Number D2-3877-4 are:

Fwd. Tan. Line Aft Tan. Line

(a) Axial load 23.1 kips 47.4 kips

(b) Shear load 6.53 kips 4.9 kips

(c) Bending moment 483.3 in-kips 727.9 in-kips

(d) P 74.88 kips 125.1 in-kip6eq

For the above structural requirements (max. q a condition) the
theoretical Spiralloy surface temperature if 1500 F. At 1500 F the ulti-
mate structural capability of the case goes down 7 percent. Therefore,
multiplying the ultimate case capability by 0.93 gives an equivalent
ultimate capability of the case at the surface temperature of 1500 F.
The ultimate case capability then becomes 123.1 kips for the forward
tangent line, 139.7 kips for the area of failure, and 154.2 kips for the
aft tangent line.

Design requirements include a factor of safety of 1.25. The
ultimate case capabilities show a margin of safety above design require-
ments in excess of 1.64 for the forward tangent line and 1.23 for the aft
tangent line.

If a linear load distribution is assumed between the forward
and aft tangent line, the required equivalent axial load for the area of
failure is approximately 99.6 kips. Using this value the margin of safety
in the area of failure, in excess of design requirements, is 1.40.
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2. Physical Properties

Values for Poisson's ratio were calculated using strain gages
0, P, Ri-B and Ri-C. Ri-B was used instead of gage RI-A because upon
examination of the data it was apparent that the gages were switched in
position to that shown in Figure 2. Using the above gages the average
value of Poisson's ratio at time of failure was 0.1711.

Values for the compressive modulus of elasticity were calculated
from strain gage S and EDI-9. The modulus (E) for the cylindrical section
(failure area) at time of failure as calculated from EDI-9 was 4.20 x 106
psi. The modulus for the area between TT ports as calculated from strain
gage S was 3.39 x 106 psi. This value was also calculated at time of
failure. These values agree with past test data.

Remaining instrumentation gave a wide variation of values for
Poisson's ratio and modulus (E). The reason for this variation is unknown
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SECTION III

CONCLUSIONS

The Wing II design case is capable of meeting and exceeding the pres-
ent design requirements specified in Boeing Document No. D2-3877-4.
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